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Abstract

Glasses based on the base host Na20-CaF2-P205 system with increasing Ag20 as additives or loading (0.2 to 1 wt%) were
prepared by melting-annealing technique. Multiple characterizations of the prepared glasses were carried out. Heat- treatment
of the glasses was done through a two-step protocol to convert them to their corresponding glass-ceramics derivatives. The state
of silver ions was analyzed by additional optical and FTIR spectral beside SEM measurements. Antibacterial behavior of the
Ag2+ ions in the studied glasses and their glass-ceramic derivatives was conducted by their response towards two G+ve strains
(Staphylococcus aureus, Bacillus cereus), one G-ve bacterial strain (Escherichia coli), one yeast (Candida albicans) and one
fungi (Aspergillus niger). Optical spectra show distinct UV absorption in the undoped glass spectrum and extend to near visible
with increasing Ag20 content. This distinct UV absorption is assumed to originate from unavoidable trace iron (Fe3+)
impurities while the peak at 420 nm is related to nanocrystalline (Ag0)n . FTIR spectra show vibrational spectra within the mid
region 400-1650 cm-1which are characteristic for phosphate (PO4) groups with some suggested (PO3F) groups. The dopant
silver ions show no distinct effect on the FTIR spectra. After immersion in phosphate solution FTIR spectra of the glass-ceramic
reveal the formation of hydroxyapatite layer. X-ray diffraction results indicate the formation of crystalline phosphate phases for
the undoped glass-ceramic. Two silver crystalline phases are identified after addition of Ag2+ ions. SEM images confirm the
formation of apatite layer with different additions of silver ion. The antibacterial analysis also indicate the promising effect of
the glass-ceramics than their parent glass in the bioactivity applications.
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1. Introduction bone regeneration than other bioactive ceramics,

The last decades have been engaged by continuous
and important achievements concerning the field of
biomaterials and specifically, tissue engineering [1-3].
The discovery of the Hench's Bioglass causes a
revolution in view and in the resultant. It was the first
synthesized material to chemically and firmly bond
with bone, rather than be encapsulated by fibrous
tissue, and hence promoting the field of bioactive
glasses and glass-ceramics.

Bioactive glasses are recognized to stimulate more

which is attributed to their easy and acceptable
dissolution which efficiently producing stimulating
cells at the genetic level. The result of the much
favorable high responses areinitiating worldwide
applications of bioactive glasses for a variety of dental
and medical uses [4]. The formation of hydroxyapatite
chemical layer has also been demonstrated within
various borate glasses upon immersion in dilute
phosphate solution and hence recommended for
medical heal chronic wounds [3, 5]. Also, some
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phosphate glasses are identified to give the benefit of
controllable total dissolution [6] and hence have been
applied for bone-repair in animals [7].

It has been accepted that many metallic ions present
in the body, act as cofactors of enzymes and stimulate
a chain of reactions which play important roles in a
variety of diseases and metabolic disorder [2, 8]. These
metallic ions include cobalt, copper, gallium, iron,
manganese, silver, strontium, vanadium, zinc beside
titanium [2, 8, 9]. Titanium ions in low level have been
applied as promoter catalyst or initiator for the
complete bonding between phosphate bioglass-
ceramic and natural bone tissues [7].It is recognized
that the proper antibacterial agent within a host
bioglass needs to possess a broad spectrum of
antibacterial activity possessing to be efficient against
a broad range of G* and G™ bacteria, safety, minimum
side effects and it should not affect the chemical and
physical properties of the host carrier [10, 11].The
applications of silver ions as an anti-bacterial agent in
various glasses including phosphate glasses have
reached favorable results [11-13]. The influence of
silver ions on the bacterial properties is also visualized
in borophosphate glasses [14].

The aim of the present work is to collectively
characterize combined optical and FTIR spectra of
some varying added or loaded Ag.O Na,O-CaF,-
P,Oglasses. Besides investigating of the bioactivity
and antibacterial properties of the Ag,O-containing
glasses and their glass-ceramic derivatives. The
complete characterizations will be expected to throw
detailed picture about the silver ions and their situation
and existence form in the host soda lime
fluorophosphates glass. A further supplement study
includes SEM investigations of selected samples of the
Ag-doped glasses and their glass-ceramics derivatives
after immersion in dilute phosphate solution,
searching for confirmation of their bioactivity
behavior.

2. Experimental details

2.1. Preparation of the glasses

All glass batches were prepared from laboratory
pure grade chemicals including sodium dihydrogen
orthophosphate (NaH»PO.), calcium fluoride (CaFy)
and silver ions were introduced in the form of AgNOs.
The weighed batches were melted in covered porcelain
crucibles at 950° C in an electric furnace (Vecstar, UK)
for 60 minutes including rotating the melts at intervals
to promote mixing and homogeneity. Then the melts
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were poured into slightly heated stainless steel molds
and then immediately the prepared glassy samples
were transferred to an annealing muffle regulated at
285°C. The muffle was switched off after 1 hour and
left to cool to room temperature at a rate of 30°C/hour.

2.2. Optical absorption spectral measurements

The UV-visible absorption spectra were measured
for undoped and Ag-doped polished samples of equal
thickness (2mm=0.1 mm). The measurements were
within the range 200-2500 nm using a recording
spectrophotometer (type Shimadzu 3600, Japan). The
measurements were also repeated to confirm the
accuracy of the peaks position.

2.3. FT infrared absorption measurements

The FTIR spectra of the prepared glasses as
powders were recorded at room temperature within the
wavenumber range 400-4000 cm™ using an IR
spectrometer (type Bruker Vertex 8V, Germany). The
measurements were carried out with resolution 4 cm
for the prepared glasses before and after immersion in
phosphate solution.

2.4. X-ray diffraction

The crystalline phases which were separated within
the glasses after thermal heat treatment process were
identified by X-ray diffraction technique. The heat
treated samples were ground and the fine powders
were examined using a diffractometer (Philips PW
1390) adopting Ni-filter and Cu-target. Computer
software (Materials studio 4.4 programs) was utilized
to identify the crystalline phases formed within the
heat-treated glass samples and that on surfaces after
immersion in dilute phosphate solution.

2.5. Scanning electron microscope investigations
(SEM)

SEM investigations were conducted on selected
glass or glass-ceramic samples doped with varying
Ag,O contents at room temperature using an SEM
apparatus model Philips XL30 with accelerating
voltage 30 kV, magnification up to 400,000. All
surfaces of the studied glasses or glass-ceramics were
coated with thin layer of gold for better morphological
examinations.
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2.6. Biological activities of the glass samples

2.6.1. Bacterial strains

Five microorganisms selected for testing the
antimicrobial  activity. Two  G+ve  strains
(Staphylococcus aureus, Bacillus cereus), one G-ve
bacterial strain (Escherichia coli), one yeast (Candida
albicans) and one fungus (Aspergillus niger) obtained
from Department of chemistry of natural and
microbial products, National Research Centre, Egypt.

2.6.2. Inoculum preparation

All used media were sterilized for inoculum
preparation; nutrient agar medium used for bacteria
while potato dextrose agar (PDA) medium used for
fungi and yeast. The plates were incubated for 24 h at
37°C for bacteria and 2-3 days at 30°C for yeast and
fungi.

2.6.3. Antimicrobial activity of samples by agar
diffusion

Antimicrobial activity of the glass samples was
carried out by agar diffusion method [15] against five
indicator microorganisms. Indicator strains were
Bacillus cereus, Candida albicans, Aspergillusniger,
Staphylococcus aureus and Escherichia coli.
Overnight culture of tested organisms [106 colony
forming units/ml, (cfu/ml)] was inoculated in nutrient
agar media for bacteria and potato dextrose agar for
yeast and fungi, then poured immediately in sterile
petri dishes. After that, samples (discs of the glass
samples) were putted directly onto the surface of agar
plates. The inoculated plates were incubated for 24 h
at their optimum growth temperatures, and the
diameter of the inhibition zone was measured in cm.
The experiments were repeated two times for each
microorganism strain and the results reported were the
mean value [16].

3. Results

3.1. Optical absorption spectra of the studied glasses

Figure (1) illustrates the optical absorption of both
the base host Na Ca fluorophosphate glass and Ag.0-
containing samples. The spectral curves reveal
repetitive and parallel behavior showing strong and
wide UV absorption extending from 200 to about 300
nm with two peaks at about 225 and 284 nm and with
high Ag.O-samples (0.7% and 1%) show an additional
broad band centered at about 450 nm. The rest of the
spectral curves are parallel with increasing the
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intensity with the increase of Ag.O content.
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Fig (1) Optical absorption spectra of base and Ag-doped
glasses

3.2. FT infrared absorption spectra of the studied
glasses before immersion

Figure (2) shows the FTIR spectra of the base glass
and Ag20 containing sample before immersion in
dilute phosphate solution. The IR spectral curves
reveal obvious condensed vibrational bands in the mid
region extended from 400 to 1650cm-*. The intensities
of the following absorption peaks are clearly identified
with the increase of Ag,0 content: 485, 545, 707, 882,
1040, 1080, 1132, 1273, 1403, 1455, 1645 cm™.
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Fig (2) FTIR absorption spectra of prepared glass samples
before immersion in sodium phosphate solution

3.3. FTIR spectra of the glasses after immersion in
phosphate solution

Figure (3) reveals the FTIR spectra of the glasses
after immersion in dilute phosphate solution for 2
weeks. The spectral curves show smoothing of the
vibrational bands. Also, the intensity of the absorption
bands increases with the increase of the silver ion.
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Fig (3) FTIR absorption spectra of prepared glasses after
immersion in sodium phosphate solution

3.4. FTIR spectra of glass-ceramic derivatives
before and after immersion in 0.25% phosphate
solution

Figure (4) shows the FTIR spectra of the glass-
ceramic derivatives before immersion in phosphate
solution revealing quite sharp multi- bands within the
range 400-1400 cm. The following absorption peaks
could be identified at: 460, 523, 580, 687, 768, 918,
997, 1109, 1164, 1267, 1308 cm and followed by a
small peak at 1640 cm™.

Figure (5) reveals the FTIR spectra of the
corresponding glass-ceramic after immersion. The IR
curves show the distinct appearance of connected
multi peaks within the far-IR region at 423, 486, 526,
552 and 573 cm™ beside the mid IR peaks at 732, 914,
950, 985, 1034, 1099, 1121, 1220, and 1250 cm. The
small peak at 1640 cm™ decreases in intensity after
immersion.
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Fig (4) FTIR absorption spectra of prepared glass-ceramic
before immersion in sodium phosphate solution

Egypt. J. Chem. Vol. 64, No. 9 (2021)

1121
1099
1034
914
732
573
552.5
786 526

1Ag

07Ag M A
05 Ag M
0.3 Ag _/\M
Base J\M

T T T T T T T
2000 1800 1600 1400 1200 1000 800 600 400

Absorbance (a.u.)

Wavenumber (Cm?)

Fig (5) FTIR absorption spectra of prepared glass-ceramic
samples after immersion in sodium phosphate solution

3.5. X-ray diffraction patterns data

Figures (6&7) reveal the X-ray diffraction patterns
of the 3 selected glass-ceramics (base, 0.3 Ag20, 1
Ag20) before and after immersion in dilute sodium
phosphate solution.

a) The X-ray data (Fig. 6) represent the formation
of the following crystalline phases before
immersion:

(i) The base undoped glass-ceramic reveal the
formation of three main crystalline phases
of NaPOs, Ca(PO4), and NaPOsF.

(if) On the introduction of Ag.0, the crystalline
phases due to NaPO3; and NaPOsF become
sharper and more intense.

(iii) The crystalline phase due to silver
phosphate (AgsP207) can only be identified
at the highest Ag.O-doped glass-ceramic
(1%).

b) The three selected glass-ceramics produce the
following crystalline phases after immersion in
phosphate solution: (Fig. 7)

(i) The X-ray diffraction of the base undoped
glass-ceramic  reveals three distinct
crystalline phases:

e Sodium calcium fluro phosphate

(Na50a4(PO4)4F).

e Sodium calcium  pyrophosphate
(NaQCaony).

e Beta calcium  phosphate  (j-
Cas(PO4)2).

(if) The two X-ray diffraction phases identified
from the sample GC3 containing 0.3 %
Ag0 are as follows:

e  Silver calcium phosphate (AgCaPO4)
o  Silver phosphate (Ag5P3010).

(iii) X- ray diffraction of the third

selected doped glass-ceramic with
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the highest Ag.O content (1%)
reveals two crystalline phases
namely:
e  Silver calcium phosphate (AgCaPO4).
e Silver phosphate (Ag5P3010).
e These phases are the same identified
in sample GC3.
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Fig(6) XRD pattern of the studied glasses before immersion
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Fig (7) XRD pattern of the studied glasses after immersion

in dilute phosphate solution

3.6. Scanning Electron Microscope (SEM)
investigations

Figures (8-10) illustrate the SEM images of the

surfaces of the three selected glass-ceramic samples
(base,
morphological features:

(i)

GC3, GC5). They show the following

The base undoped glass-ceramic shows
fibrous texture and compact tissues aligned
mostly in specific direction. The whole
texture did not show any voids or any residual
glassy phase.
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(i)

(iii)

The glass-ceramic sample GC3 with 0.5%
Ag:O shows a texture consisting of
completely rounded or oval crystalline phase
embedded on each other with minor binding
remaining glassy phase.
The glass-ceramic No.

sample GC5

(1%Ag20) shows a texture of small rounded
crystalline phase connected to each other with
minor remaining glassy phase.
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Fig (8) Scanning Electron Microscope of sample G-C5
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Fig (9) Scanning Electron Microscope of base glass-
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Fig (10) Scanning Electron Microscope of sample G-C 3
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4. Discussion

4.1. Interpretation of the origin of the identified
distinct UV-near visible absorption in the optical
spectra of the studied glasses

The observed strong UV absorption with two peaks
at 225 and 284 nm in the spectrum of the base host
glass and extend with the spectra of Ag,O containing
glasses. This can be due to contaminated trace iron
impurities present in the materials used for the
preparation of the glasses. This previous assumption is
in analogy with previous postulations by many earlier
authors [17, 18]. The clear picture of the different UV
absorption bands has been forwarded by Duffy [19].
He has assumed that traces of transition metal ions
(e.g. Fe®*, Cr®*) exhibit distinct UV absorption even if
the traces are present in the ppm level. He has referred
that strong appearance is due to their charge electron
transfer mechanism. Extensive studied by Ehrt and her
colleagues [19-21] have agreed to the same previous
assumption. Also, many publications of ElBatal and
her co-authors [22-25] follow this assumption. They
confirm the origin of UV absorption in various
undoped phosphate, borate, and silicate glasses to
trace impurities of ferric ions.

The high silver containing samples reveal as an
additional broad band centered at 420 nm and this
result can be explained as follows:

a. Different authors [11,13] assumed that the
optical properties of silver atoms are
determined in the visible region by their free
electrons (Ag:[Kr] 4d10 5S1), whereas that of
silver ions are determined in the ultraviolet
region (Ag:[Kr]4d°Sy).

b. Ahmed and abdallah [27] observed three
absorption bands at 305, 350, and 420 nm in the
spectrum of silver-containing soda lime silica
glass prepared by the ion-exchange process.
They attributed these three bands to be due to
silver ions (Ag®), elemental (Ag%n,
respectively.

c. Abdelghany et al. [28] assigned to the same
reasoning regarding the identified visible band
at 420 nm to be related to silver nanocrystallites
(Ag%n. This is obviously changing its position
with the different added anion (Br-or NO%).

We agree with the correlation between the broad
visible band centered at 420 nm and the crystalline
(Ag0)s. The simultaneous increase of the intensity of
the absorption curves with the Ag,O content can be
related to the increase of silver ions.
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4.2. Interpretation of the FTIR spectra before
immersion

The resultant FTIR spectra are explained and

interpreted on the following parameters [29-32]:

a. FTIR spectral analysis indicates that the
identified vibrational bands for the studied
glasses are representing the same bands
generally identified from their corresponding
crystalline phosphate analogues. This confirms
that the glasses reflect their structural building
units by FTIR analysis in spite of their non-
periodic nature. All researches accept that these
vibrational bands are finger-prints of the
network structural units in the studied glasses
[29-32].

b. The resultant vibrational bands of the present
glasses are originating from the structural units
formed from their main glass-formers. The host
studied glass consists of main P,Os (65%)
forming the extended structural PO4 groups as
essential building units beside the presence of
modifier oxide Na,O (26.3%) beside CaF, with
(12.7%). The last CaF is assumed to have the
ability to act partly as glass former component
as CaF4 besides being in modifying positions.
Besides, the possibility of the formation of
some (POsF) group, cannot be neglected.

c. The detailed assignments of the identified
absorption peaks can be summarized as follows
[29-32]:

(i) The vibrational peaks at 400-550 cm™ are
correlated with vibrations of metal cations
(Na*, Ca?) in their respective
characteristic sites, together with bending
vibrations of (O-P-0) and/or P=0.

(ii) The peak at 700-750 cm? can be
attributed to symmetric vibrations of P-O-
P linkages.

(iii) The peaks at 870-1035 cm™ are related to
asymmetric  stretching vibrations of
metaphosphate  groups or (P-O-P)
bridges.

(iv) The peak at 1000-1110 cm™ is due to
asymmetric stretch of (P-O-P) linkages.

(v) The peak at 1250-1300 cm™ is related to
asymmetric stretch of double bonded
oxygen (P=0) vibrations.

(vi) The peaks at 1640, 2850-3750 cm™ are
related to vibrations of POH, OH, water.

It is to be mentioned that the mid spectra are

assumed to involve vibrations due to (POsF) groups.
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4.3. Interpretation of the FTIR of glass-ceramic
before and after immersion

The resultant FTIR spectral curves of the glass-
ceramics reveal obvious numerous multi-peaks within
the mid-region from 400 to 1460 cm™ with sharper
edges. This result is expected due to the presence of
numerous microcrystalline phases with definite
structures within the matrix structure of the heat
treated glass-ceramics. These distinct and sharper
features are more pronounced on the increase of the
Ag ions. This result confirms that Ag ions are acting
as efficient nucleation agent to obtain polycrystalline
texture with definite lattice spacing.

Upon immersion, the IR spectra of the glass-
ceramics show pronounced identification of high
induced far-IR connected or splitted peaks within
the range from 400 to about 700 cm™. These
induced splitted far IR peaks denote the formation
of hydroxyapatite or derivatives containing
fluoride ions in this specific wavenumber region
as have been identified by many other authors
[6,7,11]. This refers that the prepared glass-
ceramic of the studied system show distinct
bioactivity than their parent glasses due to the
possible action of silver ions initiating the ease
formation of the crystalline hydroxyapatite
phases.

4.4. Interpretation of the X-ray diffraction data

To interpret the crystallization behavior for the
resultant crystalline phases in the studied sodium
calcium fluorophosphate glass with different percents
of Ag.0, the following points are considered:

a. The tendency of crystallization of the studied
glasses consisting of main P,Os (65%) beside
Na20(26.3%) and CayF (12.7%) within the base
host glass together with the addition of percent of
AgoO can be assumed to proceed through
proposed regimes or routes [32-41]:

(i) It is recognized that the presence of few
percent of P,Os in a silicate glass matrix
produces phase separation or leads to two
separated phases as exemplified by the so-
called Hench’s Bioglass which contains 6%
P2Os. This leads to voluminous and ease or
rapid crystallization of the main phase of
sodium calcium silicate
(1Na»0.2Ca0.3Si0y). Other reason is the
presence of a double bond in the essential
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structural forming PO, tetrahedra which
facilitates phase separation.

(if) The presence of CaF; in glass is assumed to
initiate phase separation and readiness for
crystallization because it is known as
efficient nucleating agent. Brauer et al. [37]
assumed that CaF, reduces the melting
temperature of glasses and proposed the
formation of CaF* structural unit which
provides less-cross-linking than Ca?* ions.

(iii) Based on previous considerations, the
resultant crystalline phases include sodium
or calcium within the base undoped glass-
ceramic. The appearance of the silver
crystalline phase is expected to be identified
at high addition or percent (1%) because
silver ions are assumed to act as nucleating
agent at low levels.

(iv) The identification of two silver phases
(silver calcium phosphate and silver
phosphate) without any of the main phases
of sodium calcium fluorophosphates or
sodium calcium phosphate after immersion
in phosphate solution, can be attributed to
the dissolution of the two mentioned
phosphate phases while the two silver
phases remain undissolved and easily
identified by X-ray diffraction analysis.

4.5. Interpretation of the SEM data
The interpretation of the SEM images identified in
Figures (8-10) can be summarized as follows:

(i) The complete longitudinal fibrous texture of
the base undoped glass-ceramic is expected
from the collected different micro-crystalline
phosphate phases originating in accordance
with the main glass constituents (hamely
phosphate of calcium and sodium). It is obvious
that the crystalline phases are precipitated or
formed through suggested phase separation and
followed by voluminous crystallization with
the aid of P,Os and CaF; as nucleators.

(ii) The two Ag.O doped glass-ceramics reveal
rounded or circular shaped microcrystals which
is larger in size in the low percent glass-
ceramic (0.5% Ag.0)but show smaller size in
the highest Ag.O 1% sample. This behavior can
be correlated with the presence of silver ions as
a promoter or catalyst which upon increasing
produce small round-shaped microcrystals all
over the entire texture.

4.6. Antimicrobial behaviour results
The antimicrobial effects of the glass under

investigation on different bacterial strains are
illustrated in [Table (1), Fig. (11)]. The glass samples
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showed promising antimicrobial activity against all
the tested microorganisms except the base glass-
ceramic sample. For 0.3 Ag glass, the highest growth
inhibition can be observed with E. coli (4.50 cm) and
the lowest is observed with Candida albicans (3.30
cm). This means that C. albicans reveals greater
resistance to the current glass sample. The lowest
antimicrobial activity is found at 0.7 Ag against
staphylococcus aureus (2.50 cm). It has been observed
that antimicrobial activities against B. cereus, S.
aureus, E. coli, C. albicans and A. niger bacteria
decrease by increasing the concentration of Ag and
this result can be explained to be due to the possible

From the first investigation, it was found that B.
cereus was the most sensitive organism to the prepared
glass samples, so it was chosen for the following
experiment against the glass ceramic samples. In
contrary with glass samples. The results illustrated in
Table (2) and Fig. (12) show that all glass ceramic
samples exhibit promising antimicrobial activity
against all tested microorganisms. The 1.00 Ag glass
ceramic is identified to be the most potent
antimicrobial agent against B. cereus.

Table (2): The antimicrobial activity of the prepared glass
ceramic samples on Bacillus cereus

toxic effect of increasing silver ions. Glass_ Inhibition zone of microbial growth
ceramic (Cm)
Table (1): The antimicrobial activity of the prepared glass Bacillus cereus
samples on different microbial strains Base 2.50
Inhibition zone of microbial growth (Cm) 03 Ag 250
d _ 0.5 Ag 3.00
Glass Microorganisms 0.7 Ag 2.50
sample | Bacil Cand | Aspergi 1.0 Ag 3.30
o | s Staploc | Viga | s | E.
cereu aureus albica | niger | coli
s ns
Base
0.3Ag | 4.20 3.50 3.30 3.80 4.50
0.5Ag | 3.50 3.00 3.10 3.20 3.10
0.7Ag | 3.10 2.50 2.90 2.70 3.00
1.0Ag | 2.90 2.60 3.00 2.80 2.70

(e) E. coli
Fig (11) Petri dishes of antimicrobial activity of glass
samples against (a) Bacillus cereus (b) Staphylococcus
aureus (c) Candida albicans (d) Aspergillus niger
(e) E. coli
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' @) Frnt

(b) Back
Fig. (12) Petri dish of antimicrobial activity of glass
ceramic samples against Bacillus cereus (a) Front of Petri
dish (b) Back of the Petri dish

4.7. Suggested mechanism of antibacterial activities
of the glass and related glass-ceramic

Before discussing the mechanism of antibacterial
activities, the state of silver ions in the host Na,O-
CaF»-P,0s glass can be advanced in the following
points:

(i) Itis known that silver ions can exist in glass in
three possible states, Ag®, Ag* and Ag?* and
this can be controlled by referring to the glass
type and its constituents and melting condition
including temperature and atmosphere of
preparation. The host phosphate glass is known
to be able to dissolve high percent of transition
metal ions (e.g. V®*, Fe®*)and the silver ions is
added in low percent to avoid toxicity. The
glass consists of major P,Os 65% and hence is
acidic in nature and phosphate glasses are
known to initiate lower valence of TM ions. On
the other hand, the introduction of silver ions as
AgNO; beside the presence of Na;O (26.3%)
promotes the presence of silver ions in two
possible valences (Ag® + Ag*). The optical
spectra refer to the appearance of distinct UV
absorption beside the resolution of the plasmon
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peak around 420 nm due to silver nano-
crystallites (Ag®)n together with the sharing of
electronic transitions involving Ag* ions (4d°
4d° 581,

(if) It is equally important to refer that the acidity
or alkalinity of the surrounding medium affects
the growth of bacteria and fungi. Most bacteria
survive near neutral condition within the PH
range 6.7 and 7.5. Thus, the change in the PH
during the immersion of the host phosphate
glass with acidic character could explain the
bacterial growth inhibition produced by the
ease of such glass.

The silver containing glasses upon immersion in
aqueous medium or in the presence of moisture, these
glasses gradually dissolve and during this dissolution,
the silver ions (the antibacterial active agent) are
releases in to the medium and inhibit the growth of
bacteria.

Several mechanisms for the antibacterial action of
silver ions are introduced by several authors: [41-45]

a. Kim el al. [42] proposed that Ag* ions
interfered with the metabolism of the micro-
organism, thus inhibiting its growth.

b. Feng et al [43] suggested that the antibacterial
mechanism was due to DNA not being able to
replicate, and proteins becoming inactivated
after contact with Ag* ion.

c. Chappell and Greville [44] assumed that low
level of Ag* ions collapsed the proton motive
force on the membrane of bacteria.

d. Dibrov etal. [45] argued that low concentration
of Ag* ions produced a massive proton leakage
through the bacterial membrane, resulting
finally to cell death.

The biochemical metabolic mechanism of glass
samples for inhibition of growth of various pathogens
including Escherichia coli, Staphylococcus aureus,
Bacillus cereus, Candida  albicans and
Aspergillusniger is explained by many mechanisms
one of them is chemical capability of natural
metabolites to bind chemically with nucleic acids
represented by DNA and RNA leading to decrease or
inhibit the biochemical and physiological functions
of these samples in the pathogenic bacteria cell
[16,46] .Also the hydroxyl group(s) abundant have
chemical ability for destruction of the wall and
membrane belonging to pathogens cell leading to
change in the tertiary structure of proteins existing in
the cell of pathogenic bacteria. Some studies proved
the high ability of silver ions (heavy metals) to distract
the primary metabolism of lipids, carbohydrates and
proteins present in the living cell of pathogenic
bacteria leading to consumption of biochemical energy
of these pathogens. Also the heavy metals are capable
for decrease and/or finish the biochemical roles of
various enzymes of microorganisms including
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pathogenic bacteria causing to inflammatory and
infections in human body [47-48].

5. Conclusions

Glasses of base and Ag.O containing within the
host Na;O-CaF,-P,0Os system were prepared and
characterized. Optical spectra of the glasses reveal
distinct UV absorption due to contaminated
unavoidable iron impurities. In the Ag.O- doped
samples the UV spectra exhibit extra extension and
appearance of near visible band at 420-450 nm due to
suggested nanocrystalline (Ag®), FTIR spectra of the
glasses and their corresponding glass-ceramics before
immersion reveal characteristic peaks due to
phosphate groups (PO4) with some sharing of (POsF)
vibrations within the mid region. The glass-ceramic
samples exhibit sharper peaks due to expected micro-
crystallinity. FTIR after immersion reveal lower
intensities of the vibrational peaks due to dissolution
process of the main phosphate phases in the immersion
solution. The IR spectra of glass-ceramics after
immersion show the appearance of distinct far-IR
peaks due to the assumption of the formation of
hydroxyl-fluoroapatite. This behavior indicates that
the glass-ceramic  derivatives reveal distinct
bioactivity than their parent glass. The antibacterial
data indicate encouraging results specifically for glass-
ceramic samples.
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